We perform an analysis of QCD lattice data on masses of charmed meson with J P = 0 − and J P = 1 − quantum numbers. The quark-mass dependence of the data set is used to gain information on the size of counter terms in the chiral Lagrangian formulated with open-charm mesons. Of particular interest are those counter terms that are active in the exotic flavour sextet channel. A chiral expansion scheme is developed and applied to the lattice data set. An accurate reproduction of the lattice data based on ensembles of PACS-CS, MILC, ETMC and HSC with pion and kaon masses smaller than 600 MeV is achieved. It is argued that a unique set of low-energy parameters is obtainable only if additional information from an HSC ensemble on some scattering phase shifts is included in our global fits. Based on such low-energy parameters we find a clear signal for a member of the exotic flavour sextet states in the πD phase shift, between the ηD andKD s thresholds. A striking dependence of such phase shifts on the values of the up, down and strange quarks is predicted.
Introduction
Open-charm meson systems are believed to be of crucial importance in understanding the lowenergy behavior of QCD [1, 2] . A heavy charm quark is surrounded by a light quark, either a u, d or s quark. The interplay of the heavy-quark spin symmetry for the charm quark and the chiral SU(3) symmetry for the u, d or s quarks make such systems unique and effective field theory approaches particularly predictive. The leading order chiral Lagrangian already produces significant shortrange and attractive forces that may dynamically generate open-charm resonances. Within the coupled-channel approach [3] , the scalar meson D * s0 (2317) is well described by the leading order chiral interaction [4, 5, 6, 7, 8, 9] . At this leading order further predictions are made on exotic scalar resonances in a flavour sextet [4, 5, 6] . The existence of such states depends on the precise form of chiral forces generated by higher order chiral counter terms [5, 6, 10, 2] . The aim of this work is to report on the impact of lattice data from [11, 12, 13, 14] on such counter terms and their implications for coupled-channel open-charm systems.
We notice that the counter terms have significant impact not only on the open-charm coupled channel systems but also on the quark-mass dependence of the D-meson masses. The lattice data sets on charmed meson masses from [11, 12, 13] are considered and play a crucial role in our derivation of a set of the low-energy parameters. Such data are supplemented by first lattice data from HSC on the s-wave πD scattering process at a pion mass of about 400 MeV [14] . Based on our fit scenarios, we present the pole positions found for the scalar open-charm mesons in the exotic flavour sextet channels as expected for the physical choice of the quark masses. A striking quark-mass dependence of such states is illustrated by presenting the form of the s-wave πD phase shift as extrapolated down from the considered HSC ensemble at a pion mass of about 400 MeV to the physical point.
The chiral Lagrangian for open-charm mesons
We recall the SU(3) chiral Lagrangian formulated in the presence of anti-triplets of D mesons with J P = 0 − and J P = 1 − . In the relativistic version the Lagrangian was developed in [4, 5, 6] . The chiral Lagrangian used in [15] considers the anti-triplets fields, D and D µν , of charmed mesons with J P = 0 − and J = 1 − quantum numbers respectively. The terms relevant here read
where The quark masses enter via χ ± and the octet of the Goldstone bosons is encoded into the 3 × 3 matrix Φ. The covariant derivative∂ µ in the kinetic term of the D mesons generates the leading order two-body chiral interaction, recognized as the Weinberg-Tomozawa interaction. Its interaction strength is determined by the parameter f , the chiral limit value of the pion-decay constant. The parameter M measures the mass of the D mesons in the chiral limit, provided that a suitable renormalization scheme is applied [16, 15] . We consider the isospin limit with m u = m d = m. The hadronic decay width of the charged D * -meson implies |g P | = 0.57 ± 0.07 [6] . Further symmetry breaking counter terms involving two χ + fields are not shown in (2.1) but are systematically considered in [15] . In the latter work it was illustrated in great detail that a chiral decomposition of the charmed meson masses is well converging if it is organized in terms of on-shell meson masses, rather than bare masses. This implies that the derivation of the charmed mesons masses on a given lattice ensemble requires the solution of a coupled and non-linear set of four equations. The role of subleading operators of chiral order Q 3 as introduced first in [9] was explored. Such terms, proportional to g i in (2.1), do not affect the charmed-meson masses but do impact the scattering phase shifts.
Fit to QCD lattice data
We determine the LECs of the chiral Lagrangian from lattice QCD simulations of the D-meson masses. HPQCD provides a data set for the pseudoscalar D-meson masses [12] , based on the MILC AsqTad ensembles [17] . Those ensembles are also used in [10] , however employing domainwall quarks as set up by LHPC. This work provides the pseudoscalar charmed meson masses but also some s-wave scattering lengths, that characterize the low-energy interaction of the charmed mesons with the Goldstone bosons. Based on the PACS-CS ensembles, the masses for charmed Table 1 : The low-energy constants (LEC) from four fit scenarios as explained in [15] . Each parameter set reproduces the isospin average of the empirical D and D * meson masses from the PDG. The value f = 92. 4 MeV was used in [15] .
mesons with both J P = 0 − and 1 − are calculated in [11, 18] . An even richer data set derived on the ETMC ensembles is published in [13] . So far charmed meson masses were computed on one HSC ensemble only [14] . However, besides the masses, this work also considers the πD scattering process on that ensemble.
We perform chiral extrapolations based on the finite-box framework originally set up for chiral extrapolations of the baryon masses [19] . Discretization effects are not implemented so far. Only the data sets with the pion and kaon masses smaller than about 600 MeV are considered. The empirical D-meson masses from the PDG are used as constraints in our analysis defining our nonstandard lattice scale settings. The low-energy constants (LEC) are obtained by a global fit to the QCD lattice data set. Most ensembles suffer from a sizeable uncertainty in the choice of their charm quark mass, not always hitting its physical value. Therefore our fits consider in most cases mass splittings of the charmed mesons only. An ad hoc systematic error for the charmed-meson masses is imposed. By requiring that the χ 2 per data point turns close to one, we arrive at our estimate of 5-10 MeV for the latter.
For a given ensemble the quark masses, m = (m u + m d )/2 and m s , are determined from their published pion and kaon masses. This involves the low-energy parameters of Gasser and Leutwyler, for which we derived particular values in [15] . The physical quark-mass ratio m s /m is compatible with the latest result of ETMC [20] with m s /m = 26.66(32) always. In Fig. 1 , the quark-mass ratio m s /m on various lattice ensembles are shown. All our four fit scenarios in [15] lead to a good agreement with the lattice results, even though such ratios did not enter any of our chisquare functions. This is an important result, since it justifies our choices for the quark masses on the HSC ensemble. Note that such ratios are not available from HSC directly.
In Tab. 1 we recall our values for the low-energy parameters M, c i and g i from [15] . All four scenarios recover the open-charm meson masses on the various ensembles as discussed above but also the s-wave scattering lengths from [10] . In addition, Fit 2-4 are adjusted to the scattering phase shifts of HSC [14] . In Fit 3 and 4, the subleading counterterms (2.1) are activated. We note that Fit 1 and 3 imposes the relations c 2 = −c 3 /2 and c 4 = −c 5 /2 which hold in the large N c limit of QCD.
Phase shifts and poles in the complex plane
In this section we discuss the coupled-channel dynamics of J P = 0 + charmed meson. We apply the on-shell reduction scheme as developed in [3] to derive the coupled-channel unitarized scattering amplitude. This approach rests on a matching scale µ M , the natural value of which is given in [4] . Given the set of low-energy parameters in Tab. 1 phase shifts and inelasticity parameters are determined in all flavous sectors characterized by isospin (I) and strangeness (S) quantum numbers.
In this Proceeding we focus on the πD phase shift with (I, S) = (1/2, 0). The phase shift and inelasticities generated by the leading order Weinberg-Tomozawa interaction are shown in Fig. 2 . The rapid rise of the phase shift through 90 • and 180 • reflects the presence of a broad and a narrow resonance state in this channel. The narrow one seen around the ηD threshold is a member of the flavour sextet. The uncertainty band is implied by a variation of ±0.1 GeV in the matching scale µ M around its natural value [4] . In comparison, the πD phase shift is shown in Fig. 3 from our preferred Fit 4. The result at physical quark masses is shown in a black sold line. We clearly see a signal of a resonance in between the ηD andKD s thresholds. Most striking are our predictions for the quark-mass dependence of the πD phase shift. We present the phase shifts at different unphysical quark masses in dashed and dotted lines in Fig. 3 .
In all the sextet channels, poles are found in the lower complex plane, following the analytic continuation method illustrated in [21] . The pole masses are listed in Tab. 2. The pole at (I, S) = (1/2, 0) sector is lying well between the ηD andKD s . The width depends on fitting scenarios, but is always significantly smaller than the antitriplet partner in the same channel. The latter exhibits a pole at (2.082 
Summary
We studied the chiral extrapolation of charmed meson masses based on the three-flavour chiral Lagrangian. About 80 lattice data points from 5 different lattice groups are analyzed. Such data pose a significant constraint on the low-energy constants of the chiral Lagrangian formulated for charmed meson fields. The implication of higher order counter terms in the coupled-channel dynamics of the open-charm sector of QCD is explored. A striking quark-mass dependence of phase-shifts and inelasticity parameters is derived. At the physical point we predict a clear signal for the flavour sextet in the πD phase shift with a pole lying in the complex plane between the ηD andKD s thresholds.
